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BACKGROUND OF THE INVENTION 
l Cross-Reference to Related Applications 

mi] This apphcation is a divtsiona, applieation of commonly assrgned, co- 
pending United States paten, application senal number 09/655,122, filed September 5, 
20 00 and entitled "Control Metbod of Seeing Neigbbonng Ce„s, Mobi.e Station, 
and Mobile Commnmcatton System", which application is incorporated herein by 
reference in its enttrety. That paten, apphcation is based on Japanese Paten, 
Apphcation Nos. ,1-252294 (.999) filed Sep.ember 6, ,999 arm ,,-260409 filed 
September ,4, ,999, the contents of which are a,s„ incorporated hereinto by reference 
in its entirety. 



2 The Field of the Invention 

,0002, The present invention relates to a mobile eommunication system for carrying 
out muhip.e access nsing spread spectra, and P articu,ar,y to a neighboring eel, search 
method apphed to handover contro, during com— ion or to zone re-se,ect,on 
controlduringtheidlemode in the system andamobife station constimfing the system. 



3 The Relevant Technology 

,0003, A mobi.e communication system Hhe a wtdespread mobi.e phone system 
offersits services by dividing the entire service »ea into rather sma„ radio zones ca„ed 
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cov en„g divided radto .ones (cells), and mobfie stattons 1 ,2 for communing w.th 
the base stations by establishing radio channels. 

(0004, D i re ctSe q neneeC D MA( D S-C D MA)isasche m eforap,u r a,i, y o t nsersto 
carry on. communications nsin g the same radto fluency band by 
nation fiuough seeond modulation that spreads a eonventiona, —on data 

modu ,at,on s.gna, with a h ig h rate spreadin g eode. The radio signal of eaeh nser ts 

identified by a spreading eode assigned to the nser. 

,0005, fit *e mobile —cation system, tfie spreading eode nsed for tfie 
spre adin g usual* eonsists of a combination of two types of spreading code, a "first 

each of the base stations. 

,0006, Pig 2 is a schematic dtagram tllustrating a method of us,n g tfie spreadin g 
ooaesinthemobdecommunicat.onsystemtowh.chtfiepresentinvent.onisappfied.ln 

fg, = channelrzation code layer 204 with a short pertod common* assi.nedtoafi.be base 

llslli "^^-^■* ta, " B " 

liilli tM *^^**"»*>-~-- 

|Pll| „ d ^. to «^^^^^-^ d ^" ke,,ta 

I' " codes to be assigned to .he base stations among them. 

,0007, Fo r themobi,estations.odemodu,,einform,ionhansmi..edfiom.heba S e 

stations, they must receive the informafion in sy— ion w.th the fiming of the 
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spreading code repeated periodically at the transmitting side. In particular, as for the 

period. Accord.ngiy.it is important for the mobile station to detect the repetition timing 
of the scrambling codes to demodulate perch channels of the base stations. In the 
present spectfication, the repetition timing of the scrambling codes is referred to as 
•■phase". It is not necessary to detect the absolute phase in practice, bu, to find the 
relative difference in the timing between the scrambling codes of the base stations, that 
is, the phase difference. Thus, the term "phase" refers to the relative phase between the 
scrambling codes in the present specification. 

10008] Fig. 3 is a schematic diagram illustrating timing relationshtps between the 
scrambling codes associated with signals sen, from the base stations to a mobtle station. 
10009, Fig. 3 illustrates a ease of an inter-cell asynchronous mobile communication 
system, in which synchronization between the base stations are not necessarily required, 
m d the timing of the scrambling codes received by the moh.le station differs for each 
base station. On the contrary, in an inter-cell synchronous system estab.ishing 
synclnonizationbetween the base stations, the timing of the scrambl.ng codes is exactly 
adjusted to the timing ass.gned in advance to the base stations. Accordingly, the 
| „ = relative timing of the scrambling codes between the base stations is fixed and 
fpHj unchangeable. Companng the inter-cel, asynchronous system with the inter-cell 
I iff 1 1 synchronous system, the former has an advantage over the latter that it does not require 
IPIII any oming source such as the GPS (Global Positioning System) whtch is necessary for 
i' " " th esynehronoussystem,andhe„ceismoreflexib,einex,endingthesys,emorthe,ike. 

,00.0, The radio signal transmuted from a base station at certain transmtssion 
power travels through space with a certain attenuation, and amves a. a receiving site. 
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SinC e the —on the radio sign, undergoes increases with the distance front the 

fitted fromanear base station is received atahigher received ,eve,. In prachce, 

of S nch condrtions as the geography and bondings. As a resoit, the rece.ved power of 
the perch channels from the base stations fluctuate sharplywith the move of the mobtie 

receiv ed .eve, alter incessantiy. This is because the recetved level of the current perch 
crops sndden.y.or the received ,eve, of a perch un-reccivabie .ncreases abrnptiy above 

the base stations, and to select the best base station. 

[00 „, in the asynchronous mobile communication system, a mobile station must 
search for a perch cpnckly whose spreading code and phase are unknown. As a method 
of searching foraphase, there is one called "3-stcp ce,. search" disclosed in a document 

lislll Async hronous DS-CDMA Mob.le Radio", IEICE Trans. Commnn., Vol. E81-B, No.7, 
llllil Julyl99 8.Theme.hod P rovidesa"mas k ed symbo," to par, of the perch channel which 
illlli n„dergoesdoub.espreadingbyachannehza,ioncodeandascramb,in g code.Here,the 
^' ' " Wed symbo." is spread on,y by the channelization code without using the 
scrambling code. 

,00ni Fig. 4 is a schematic diagram illustrating a structure of a perch channel 
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[00131 First, the mobile station despreads the received s 19 ral using a channelization 
code 404 commonly used by all the base stations. This enables the mobile station to 
detect a peak at the timing of a masked symbol 408 of the received signal independently 
of the types of the scrambling codes (first step). 

,00141 Subsequently, in response to the timing extracted at the first step, the mobile 
station detects a scrambling code group code 406 superimposed a, the same position as 
the masked symbol 408, and identifies the group to which the scrambling code belongs 
which is used by the base station in connection with the reception (second step). 
[0015] Finally, using the scrambling codes belonging to the group determined at the 
second step, the mobile station identifies the scrambling code 402 used by the base 
station (third step). 

[00161 in the system to which this method is applied, a lot of scrambling codes are 
divided into groups in advance. In contrast, in the inter-cell synchronous system, since 
the phase differences of the scrambling codes between the base stations are known to 
advance, and hence the searching timing can be limited to a fixed timing width (search 
window), the power consumption or time taken for the cell search can be saved. 
(00171 The conventional search method to the inter-cell asynchronous system, 
g 8 „ 5 however, requires more power consumption and time for the eel, search than the inter- 
S|ill| cell synchronous system, presenting a problem of exhausting the battery power of the 
Ifpli mobile terminal quickly. On the other hand, employing the inter-cel. synchronous 
|PK system to simplify the cell search of the mobile station presets problems of hindering 
£ ' " making toll use of toe above mentioned advantages of the inter-cell asynchronous 
system, and of increasing the cost of the total system. 
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,0018! As described above, the mobile communication system sneh aa a currently 
wide spread mobile pbone system comprises tbe plurality of base stations ,11 for 
covering divided radio zones, and the mobile stations 1 12 for communicating with the 
base stations by establishing radio channels as shown in Fig. 1. 

,00191 Tbe radio signal transmitted from a base station a. certain transmission 
power traveis through space with a certain attenuation, and arrives a, a receiving she. 
Since the attenuation the rad,o stgna. undergoes increases with the distance from tbe 
transmitting she to the receiving site, a perch channel transmitted from a distant base 

from a near base station a, a htgher received .eve.. In practice, however, the 
propagation loss is no, determined only by the distant, but varies because of such 
conditions as the geography and buildings. As a resu.t, the received power of the perch 
ehanne.s from the base stations fluctuates sharp.y with the move of the mobi.e station. 
Thus, to receive the signals from the base stations at better quality, it is mtportant for 
.he mobile station to continuously monitor the perch channels from the base stations, 
and ,o select the best base station. To se.eet the best base station, the mobile station 
m ust continuously confirm the propagation condition of a captured perch channel, or 
search for uncaptnred new perch. Such confirmation of the propagation state of the 
eaptured perch channel and the search for the uncaptured new perch channel are 
genericaily cal.ed "quality measurement of the perch channel" in the present 
specification. 

,00201 On the other hand, a technique called intermittent reception is applied to the 
m0 bile station to prolong the life of the battery by reducing the power consumption. 
Although the mobi,e station in an idle mode must continuously monitor the pagmg, the 
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intern, reception halts .he receiver as much as possible when unnecessary «o 
receive, thereby saving the power consumption. 

[00211 Fig. 5 is a schematic diagram illustrating a structure of a paging channe! 
defined by ARIB 1MT-2000 Study Committee, "Japan's Revised Proposal for Candidate 
Radio Transmisston Technology on IMT-2000: W-CDMA Revised Proposal Version 
, ,» (September, 1998, ARIB). According to mis paper, to increase the effect of the 
intermittent reception, the paging channe. is structured such that muitiple mobile 
stations are dtv.ded into a plurality of groups, and paging signals for respective groups 
w mapped onto a single physical channel. Fig. 5 illustrates a paging signal assigned to 
one of the groups. In Fig. 5, reference symbols Pis each designate a very short signal 
informing whether paging is present or not. Reference symbols MUIs each designate a 
portion including paging information (ID number of mobile station). In Fig. 5, such a 
configuration is assumed in which the Pis are transmitted twice (PI1 and PI2) to improve 
the receding accuracy of.be PI, and four p.eees of paging information (MUI.-MUI4) 
canbe transmitted for four mobile stations per group. In other words, the paging signal 
eonsists of two Pis and four MUIs, and receiving time period per paging signal is about 
,5 milliseconds. The paging channel conststs of multiplexed paging signals with the 
same structure, the number of which equals the number of the groups. Fig. 5 illustrates 
tha , the mobile station receives the paging signal of its own group at every 720 
C 8 * < x 

% 1 1 1 8 5 millisecond interval. 

Iplli ,0022, The mobile station receives the PI portion, firs,, and men the MUI portion 
1 ' " only when a decision is made tha. .he paging is presen. as a resnl. of receiving .he PI 
portion. This offers two advances: First, it is enough for the mobtlc station to receive 
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is no. paging info— This in turn can limit .he actually required receiving time 
rate .0 a small value, making it possible to reduce the power consumption to a very 
small amount. 

100231 Fig. 5 illustrates the paging information which is already transmitted from 
the base station and selected through the decision by the mobile station. In an actual 
situation, however, the mobile station must search for the perch channels of the 
nesting base stations as i. move, Since the mobile station mus, recerve a .0, of 
receivable perch channels to search for the neighboring base stations, it is important to 
minimize the frequency of the search operation ,0 tncrease .he effect of the intermittent 
reception. 

,00241 Thus, to select the best base station with .he movement of the mobile station, 
mere is a tradeoff between the continuous monitoring of me perch channels of .he 
neighbonng base s.a.ions by searching and receiving them, and the reduction in the 
operation time ra.e of tire receiver to prolong .he battery of .be mobile station as long as 
possible. On the one hand, the reduction in the operation time rate of the recover will 
results in a decrease in the selection accuracy of the base station, bringing about 
undesrrable results such as degradation in the service quality. On the other hand, an 
increase in the operation time rate of the receiver to improve the selection accuracy of 
me base station will consume the battery of the mobile station quickly, presenting a 
problem of markedly impairing the usefulness of the mobile station. In the 
conventional cel. search control method, however, the quality measurement of the perch 
channel is implemented periodically as described in the following paper with 
considering the tradeoff between the selection accuracy of the base station and the 
service quality: K. Yunoki, A. Higash, and N. Tsutsumi, "Cell Search Strategy on W- 
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CDMA Mobile Station", B-5-186 of the ,999 IEICE Genera, Conference. Specially, 
sinC e the q ua,ity measurement of the perch channe, ,s earned out mdependen.ly of the 

timing s of qnahty measnremen. of the perch channe, and the reception of the pagtng 
signal , which presents a prob.em of increasing the consumption of the battery, one of 
the essential resources of the mobile station. 
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BRIEF SUMMARY OF THE INVENTION 
,0025, « is therefore an object of the present invention to prov.de a control method 
of searching for a neighboring cell, and a mobile station in an inter-cel, asynchronous 

toe required for the eel, search by the mobile station without increasing the total cost 
of the system. 

,0026! Another object of the present invention is to save the power consumption 
with maintaining the accuracy of selecting the best base station in the mobile 
communication system that comprises a plurahty of base stations and mobile stations 

This is implemented by the mobile station by receiving perch channeU transmitted from 

communicate with, and by monitoring the paging signa, to the mobile station itself by 
the intermittent reception in the idle mode. 

100271 !„ the first aspect of the present invention, there is provided a control method 
of searching for a neighboring eel, of a mobile station communicating with base stations 
i„ a direct sequence CDMA mobile communication system which transmits information 
g, „ = oycarryingoutdouhlemodulationusingafirstspreadingcodegroupandoneofsecond 

|H j| spreading codes, the fir,, spreading code group including spreading codes that have a 
III?! samerepetitionpenodasanrnformationsyrnbolperiodandareusedincommonbythe 

iff" base stations, the second spreading codes having a repetition penod longer than the 
% < " information symbol period, and being different for each of the base stations, the control 
method of searching for a neighboring cell comprising: 
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[0028] a step of storing into a first table the seeond spreading eode and its phase of 
a, leas, one perch channel, which second spreading code and phase are known; 
,0029] a step of storing a second spreading code used by a neighbonng base station 
into a second table; 

,00301 a firs, search step of searching for a perch channel whose second spreading 
code and phase are unknown; and 

[00311 a second search step of searching for a perch channel whose second 
spreading code and phase are known, wherein 

[00321 the control method of searching for a neighboring cell carries on. .he firs, 
search step and the second search step using the firs, table and .he second .able. 
[00331 Here, the control method of searching for a neighboring cell may further 
comprise the step of transferring, when capturing a perch channel in the firs, search step 
of searching for a perch channel whose second spreading code and phase are unknown, 
the second spreading code corresponding to the perch channel from the second table to 
the first table. 

[0034] The control method of searching for a nerghboring cell may further comprise 
the steps of: 

g Z „ S 10035] carrying out the second search step using the first table; 

|| 1 1 1 1 [0036] carrying out the first search step using the second table; and 

|S [0037] detecting a new perch channel by comparing a search result at the second 

| S 5 § 1 jj se arch step with a search result at the first search step. 
5 5 ~ * 

^ [0038] The first search step may compnse: 
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,0039] a step of detecting a peak of a received signal at a timing of a masked 
symbol of the received signal by despreadmg the received signal using the first 
spreading code group; 

,0040] a step of identifying a group to which the second spreading code belongs; 
and 

[0041] a step of identifying the second spreading code. 

[0 042] The control method of searching for a neighbonng cell may compnse the 
steps of: 

[0043] carrying out the second search step using the first table; 

,0044] carrymg out a third search step using the second table, the third search step 

consisting of part of sub-steps constituting the first search step; 

[0045] deciding detection of a new perch channel by comparing a search result of 
the second search step with a search result of the third search step; and 
,0046] carrying out a fonrth search step in response to a decision result, the fourth 
search step consisting of snb-steps of the first search step, which are not carried out in 
the third search step. 

,0047] The direct sequence CDMA mobile communication system may spread 
information into a signal with a bandwidth broader than a frequency bandwidth of the 
information using a spreading code sequence with a rate higher than an tnformation 
transmission rate. 

,0048] in the second aspect of the present invention, there is provided a mobile 
station communicating with base stations in a direct sequence CDMA mobile 
communication system which transmits information by carrying ou, double modulation 
using a first spreading code group and one of second spreading codes, the firs, 
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spreading code group including spreading codes that have a same repetition period as an 

iuformation symbol period and are used in common by the base stations, the second 

spreading codes having a repetition period longer than the information symbol period, 

and being different for each of the base stations, the mobile station comprising: 

[0049] a first table for storing the second spreading code and its phase of at least 

one perch channel, which second spreading code and phase are known; 

,0050) a second table for stonng a second spreading code used by a neighboring 



base station; 



[00511 first search means for searching for a perch channel whose second spreading 
code and phase are unknown; and 

[00521 a second search means for searching for a perch channel whose second 
spreading code and phase are known, wherein 

[0053] the first search means and the second search means carry out their search 
using the first table and the second table. 

[0054] Here, the mobile station may further comprise means for transferring, when 
the first search means captures a perch channel whose second spreading code and phase 
are unknown as a result of the search, the second spreading code corresponding to the 
perch channel from the second table to the first table. 

[0055] The second search means may carry out its search using the first table; 
[0056] the first search means may carry out its search using the second table, and 
the mobile station may further comprise: 

[0057] means for making decision of detecting a new perch channel by companng a 
search result bythe second search means with a search result by the first searchmeans. 
[0058] The first search means may comprise: 
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,0059, means for detecting a peak of a received signal at a timing of a masked 
symbo. of the recetved signa. by despreadmg .be received signal using the first 
spreading code group; 

,00601 means for identifying a group to which the second spreading code belongs; 
and 

,0061] means for identifying the second spreading code. 

[0062] The second search means may carry out its search using the firs, table, and 
the mobile station may further comprise: 

,0063, third search means for carrying on, its search using the second table, the 
third search means conststing of part of the first search means; 

,00641 means for deciding detection of a new perch channe. by comparing a search 
result of.be second search means with a search result of the third search means; and 
,00651 fourth search means for carrying ou. its search in response to a decision 
result, the fourth search means consisting of a remaining part of tire firs, search means. 
,00661 The direct sequence CDMA mobile communication system may spread 
information into a signa. with a bandwidth broader than a frequency bandwidth of the 
information using a spreading code sequence with a ra.e h.gher .ban an information 
transmission rate. 

,00671 A direct sequence CDMA mobile communication system may comprise the 
mobile station. 

,00681 According to the configuration, the power and time required for the cell 
search can be reduced because the first table, which is prepared for storing captured 
perch channels, that is, perch channels whose second spreading code and phase are 
acquired by the mobile station, enables the mobile station to carry ou. the search for the 
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perch channel only ,„ a predetermined time range (search window) with regard to the 
phase of the perch channel. 

,0069] The mobile station usually receives from its visiting base station, 
information on the scrambling codes used by the neighbonng base stations, and cames 
„u, the cel. search in accordance with the information. The present invention is 

th e table of already captured perches. This makes it poss.b.e to further narrow down 
candidates in searching for the perch w„h the unknown phase, thereby simplifying the 
search for the perch no, only with the known phase but also with the unknown phase. 
,0070, Moreover, according to one aspect of the present invention, it applies the 
second searchprocess to the fir, table; applies to the second table a third search process 

decision of the new perch channel by comparing the search result of the second search 
process with that of the third sea.cn process; and obtains the d,fference between the first 
search process and the third search process on the basis of the decision result. This 
enables the mobile station to make full use of.be second spreading code and phase of 
each captured perch channel, and hence to make a decision as to whether a new pereb 
, = ehannelotherthanthecapturedperchehannelappearsornotbycarryingoutthesearch 
oftheperchchannelswiththeknownphasesuptotheintermediatestep 1 or 2, without 
t lllo carrymg ou, the entire three steps of the 3-s,ep eel, search, thereby simplifying the 3- 
1 1 5 1 1 5 step cell search which is not always essentral. 

i 5 " " [0071, in the third aspect of the present invention, mere is provided a cell search 
control method in a CDMA mobile communication system including a mobile station 
wh ich decides a base station the mobile station waits for or communicates with by 
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receiving a perch channel transmitted from the base station, and whieh monitors a 
paging signal to the mobile station by means of intermittent reception in the idle mode, 
the cell search control method comprising the step of: 

10 072] carrytng out, in the mobile station, measnrement of receiving quality of the 
perch channel in synchronization with timing of receiving the paging signal sent to the 
mobile station. 

10073] Here, the measurement of the receiving quality of the perch channel may be 
carried ou, in the mobile station when a time period counted from a latest measurement 
of the receiving quality of the perch channel exceeds a predetermined value. 
,00741 In the fourth aspect of the present invention, there is provided a CDMA 
mobile communication system including a mobile station communicating with a 
plurality of base stations, each of the base stations comprising: 

,00751 perch channel transmitting means for transmitting a perch channel to the 
mobile station; and 

,00761 paging signal transmitting means for transmitting a paging stgna. to the 
mobile station, and the mobile station comprising: 

,00771 base station decision means for deciding a base station the mobile station 
waits for or communicates with through the perch channel by receiving the perch 



channel transmitted by the perch channel transmitting means; 

8 ss;s 



Zjfjl ,00781 paging signal reception decision means for deciding in an idle mode as to 
jPll| wh ether the paging signal transmitted to the mob.le station by the paging signal 
" transmitting means is received or not by intermittent reception; and 

,00791 receiving quality measurement means for measuring the receiving quality of 
the perch channel, wherein 
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the receiving quality measurement means earries out the measurement of the 
receiving quality of the perch channel in synchronization with timing of recetving the 
paging signal when the paging signa! reception decis.on means decides that the paging 
signal is received. 

[0081] Here, the mobile station may further comprise counting means for counting a 
time period from a latest measurement of the receiving quality of the perch channel, and 
the recetving quality measurement means may carry out the measurement of the 
receiving quality of the perch channel when the time period counted by the counting 
means exceeds a predetermined value. 

,0082] In the fifth aspect of the present invention, there is provided a mobile station 
in a CDMA mobile communication system communicating with a plurality of base 
stations, the mobile station comprising: 

[0083] base station decision means for deciding a base station the mobile station 
waits for or communicates with throng a perch channel by reccivtng the perch channel 
transmitted from the base station; 

,0084] paging signal reception decision means for deciding in an idle mode as to 
whether the paging signal .remitted to the mobile station from the base station is 
received or not by intermittent reception; and 

[0085] receiving quality measurement means for measuring the receiving quality of 
the perch channel, wherein 

10086] the receiving quality measurement means carries out the measurement of the 
receiving quality of the perch channel in synchronization with timing of receiving the 
pagtng signal when the paging signal reception decision means decides that the paging 
signal is received. 
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,0087] Here, the mobile station may further eomprise oounting means for counting a 
toe period from a latest measurement of the receiving quality of the perch channel, and 
the receiving quality measurement means may carry out the measurement of the 
receiving quality of the perch channel when the time period counted by the counting 
means exceeds a predetermined value. 

[0088] Thus, in the mobile commumcation system utilizing the code division 
multiple access, the base stations employ the same radio frequency. Accordmgly, the 
perch channels and paging channels of the base stations are all transmitted on the same 
radio frequency, and are identified by the spreading codes. This makes it possible to 
use the radto stage, which receives the radio frequency and extracts the spread 
modulation si^al, in common to receive the perch channels and paging channels, 
thereby reducing the uptime of the radio stage by matching the timing of receiving these 
channels. 

,00891 As described above, because the base stations employ the same radio 
frequency, user radio waves of voices or data are also transferred at the same frequency. 
This can bring about the degradation in the receiving quality of the perch channel or 
paging channel because the user radio waves become interference in receiving the perch 
channel or paging channel. 

,0090] Furthermore, in the time periods of much interference because of a great 
number of such user radio waves, the number of paging signals transmitted from the 
base stations over the paging channels are also increased. In contrast, in time periods 
suffering only small interference from the user radio waves, the number of paging 

signals transmitted from the base stations over the paging channels is also reduced. 

Thus, the receiving quality of the pereh channels or paging channels depends on the 
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transmission frequency of the paging signals in such a manner that it is improved with a 
decrease in the number of the paging signals, and impaired with an increase in the 
number thereof. This teaches that to maintain the selection accuracy of the base station 
at a high level when the receiving quality of the perch channel is low, it is necessary to 
increase the frequency of measuring the receiving quality of the perch channel, thereby 
increasing the quality measurement frequency. 

[00911 Accordmg to one aspect of the present invention, it is configured such that it 
cames out the quality measurement of the perch channel in synchronization with the 
received timing of the paging signal. This will au.omafically increase the measurement 
frequency of the receiving quality of the perch channel in the case where the receiving 
quality is low, thereby improving the selection accuracy of the base station, but 
decrease the measurement frequency in the case where the receiving quality of the perch 
channel is high, thereby saving the power consumption. In addition, the present 
invention is configured such that it counts the elapsed time from the latest measunng of 
me receiving quality of the perch channel, and carries out the measurement of the 
receiving quality of the perch channel when the elapsed time exceeds a predetermined 
value. This makes it possible to carry out the measurement of the receiving quality of 
the perch channel at a minimum frequency even when the paging signals are very few 
such as in midnight. 

[0092] The above and other objects, effects, features, and advantages of the present 
' invention will become more apparent from the following description of embodiments 
thereof taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0093] To further clarify the above and other advantages and features of the present 
invention, a more particular description of the invention will be rendered by reference to 
specific embodiments thereof which are illustrated in the appended drawings. It is 
appreciated that these drawings depict only typical embodiments of the invention and 
are therefore not to be considered limiting of its scope. The invention will be described 
and explained with additional specificity and detail through the use of the 
accompanying drawings in which: 

[0094] Fig. 1 is a diagram illustrating an example of a mobile communication 
system; 

[0095] Fig. 2 is a schematic diagram illustrating a method of using spreading codes 
of the mobile communication system; 

[0096] Fig. 3 is a schematic diagram illustrating relationships of the timing between 
scrambling codes for the signals transmitted from base stations to a mobile station; 
[0097] Fig. 4 is a schematic diagram illustrating a structure of a perch channel; 
[0098] Fig. 5 is a schematic diagram illustrating a structure of apaging channel; 
[0099] Fig. 6 is a block diagram showing a configuration of a mobile station to 
which the present invention is applied; 

[00100] Fig. 7 is a schematic diagram illustrating an operation in accordance with the 
present invention; 

[00101] Fig. 8 is a schematic diagram illustrating an operation of deciding a new 
perch; 

[00102] Fig. 9 is a schematic diagram illustrating an operation of deciding a new 
perch when using the first and second steps to search for the new perch; 

_p age2 l - Docket No. 15689 



[00103] Fig. 10 is a flowchart illustrating an operation of the mobile station 602 in 
Fig. 7; 

[00104] Fig. 1 1 is a flowchart illustrating an operation of the mobile station in Fig. 8; 
[00105] Fig. 12 is a block diagram showing a configuration of a mobile station to 
which the present invention is applied; 

[00106] Fig. 13 is a flowchart illustrating an operation of a mobile station in 
accordance with the present invention; 

[00107] Fig. 14 is a flowchart illustrating an operation of a mobile station in 
accordance with the present invention; and 

[00108] Fig. 15 is a schematic diagram illustrating an operation state observed on a 
time axis when the cell search control method in accordance with the present invention 
is operating. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[001091 The invention wiil now be described with reference to the accompanying 
drawings. 

[00110] EMBODIMENT 1 

[00111] Fig. 6 is a block diagram showing a configuration of a mobrle station to 
which the present invention is applied. 

,001121 A mobile station 500 comprises a mobile station transceiver 502, a user 
interface 504, a neighboring base station information acquisition and processing unit 
506, a common controller 508, a cell search controller 510, a memory 512, an antenna 
5,4 and a bus 516. to the mobile station as shown in Fig. 6, only portions associated 
with the present invention are illustrated. 

[00113] The mobile station transceiver 502 demodulates user information and control 
siprals transmitted from the base stations after their radio frequency modn.ation, and 
transmitting user signals and control signals after their coding and modulation. The 
mobile station transceiver 502 is connected to the antenna 514 and user interface 504. 
[001141 The common controller 508 carries on. the overall control of the mobile 



station. 



[00115] The cel. search controller 510 controls the cell search operation with 
regulating the timing in accordance with neighbonng base station information, and 
stores search results into the memory 512. 

,001161 The neighboring base station information acquisition and processing unit 
506 receives and processes scrambling code information about the neighboring base 
stations sent from the visiting base station, and stores it into the memory 512. 
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l00 117] The bus 516 interconnects the common controller 508, cell search controller 
5,0, netghhonng base station information acmtisition and processing unit 506 and 
memory 512. 

[00118] Fig. 7 is a schematic diagram illustrating an operation of the present 
invention. The operation of the mobile station 602 in Fig. 7 wi.1 now be described with 
reference to the flowchart of Fig. 10. 

,00119, As illustrated in the right-hand side of Fig. 7, the mobile station 602 captures 
information about scrambling codes used by its netghhonng base stations from the 
vistting base station, front which the mobtle station recetves the paging information, and 
stores the information into a code table 608 of the neighboring base stations in a code 
tab ,e 604 on the memory as illustrated in the left-hand side of Fig. 7 (step S902). 
[00.20] Using the table 608, the mobile station 602 carries on, the cel. search for 
perch channels with unknown scrambling codes and phases (step S904), creates a table 
606 for holding the scrambling codes and phases of the captured perch channels (thin 
solid-line arrows on the right-hand side of Fig. 7) (step S906, ; and etimina.es the 
scrambling codes from the eode table 608 of the neighboring base stations (step S908). 
[00121] As for the perch ehannels which cannot be captured until then (broken line 
g , = arrows on the right-hand side of Fig. 7), bod, their scrambling eodes and phases are 
pill unknown. As described above, the phases correspond to the phase differences between 
Blllll the scrambling codes. In Fig. 7, numerical examples are illustrated of the phase 
iPlH differences between the scrambling codes with regard to the timing the mobile station 
% < " S has as a reference, which numerical examples are represented tn terms of chips (one 
chip corresponds to one bit of a spreading code consisting of a hi, stream of "0" and 
"1"). 
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(001221 Moving along the arrow, the mobile station carries out the eell search, and 
when it ean eapture a eell, it transfers it to the captured table 606 (step S910). 
1001231 Fig. 8 is a schematic diagram illustrating an operation of making a decision 
of a new perch. The operation of the mobile station of Fig. 8 will be described with 
reference to a flowchart of Fig. 11. 

[00124] Fig. 8 illustrates a case which carries out only the first step as the new perch 
search, and decides a new perch from its result. 

[00125] To search for the new perch, the mobile station carries out the first step of 
searching for some phase position (step S1002). Apart from this, it performs a window 
search for reassuring the phases of the captured perch channels (step S1004). 
Subsequently, it compares both the results (step S1006); makes a decision that any 

perch other than the currently captured perches is a new perch channel (step S1008); 

and identifies the scrambling code by executing the second and third steps for the perch 

channel (stepSlOlO). 

[00126] Fig. 9 illustrates an example of a decision operation of the new perch using 
the first and second steps as the new perch search. 

[00127] It differs from Fig. 8 in that it can make use of the scrambling code group 
information when deciding as to whether the result of the new perch search is a 
captured perch or a new perch. 

[00128] In Fig. 9, Gl, G7, G15 and G3 each designate a scrambling code group. 
More specifically, the Gl, G7, G15 and G3 denote that the groups, to which the 
scrambling codes used for the perches detected at these phases, are the first, seventh, 
15th and third group, respectively. 
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[00129] Comparing their phases with those of the serambling eode groups of the 
eaptured perehes, the mobile station identifies a perch if the phases differ, and then 
carries out the third step. 

[00130] In Fig. 9, the perch received at the phase G3 is decided as the new perch 
because its phase and scrambling code differ from those of the captured perches. 
[00131] In addition, although not illustrated in the drawings, execution of all the 
steps from the first to third steps as the new perch search can be implemented in the 
same manner as illustrated in Figs. 8 and 9, except that it can use, for deciding the new 
perch, both the scrambling code and phase as the result of the new perch search. 
[00132] Although the present embodiment is described for the convenience sake as 
though the mobile station always carried out the new perch search and captured perch 
confirmation simultaneously, the embodiments in accordance with the present invention 
are not limited to this. For example, when carrying out both searches for the new and 
captured perches regularly, such a configuration can be implemented in which their 
intervals are set differently so that one of them is carried out at a higher (or lower) 
frequency than the other. Alternatively, a configuration can be implemented in which 
they can be controlled adaptively to the conditions as needed. 

[00133] As long as the new perch decision is made by comparing the captured 
perches with the results of the new perch search, a similar effect can be achieved. 
[00134] As described above, the present invention can provide the control method of 
neighboring cell search, and the mobile station, with making use of the advantages of 
the inter-cell asynchronous system, and with minimizing the power consumption and 
time required for the cell search by the mobile station without increasing the total cost 
of the system. 
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[001351 SECOND EMBODIMENT 

,00136) Next, the second embodiment of the present invention will be described with 
reference to Figs. 12-15. 

[001371 Fig. 12 is a block diagram showing a configuration of a mobile station to 
which the present invention is applied. 

100138) Fig. 12 shows only portions of the mobile station associated with the present 
invention. 

[00139] A mobile station 300 comprises a radio signal transceiver 302, a traffic 
channel transceiver 304, a user interface 306, a perch channel receiver 308, a perch 
channel receiving quafity measnremen. controller 310, a paging signal receiver 312, a 
common controller 314, a memory 316, an antenna 318 and a common bns 320. 
[00140] The radio signal transceiver 302 connected to the antenna 318 is a device for 
receiving nser information and a control signal transmitted from a base station after 
radio frequency modulation, and for transmitting user information or control 
information about voices or data to be transmitted from the mobile station to the base 
station. Although it is integrally illustrated in Fig.12, the transmitter and receiver can 
be provided separately. The traffic channel transceiver 304 connected to both the radio 
signal transceiver 302 and user interface 306 is a device for carrying out codec of the 
1 user information such as voice or data. The perch channel receiver 308 measures the 
Bill! 6 receiving quality ofthe perch channel, and extracts broadcast information from the base 
lljlSjj station by decoding the perch channel. The perch channe! receiving quality 
8 < " measurement controller 310, issuing a command to the perch channel receiver 308, 
controls the measurement operation ofthe receiving quality ofthe perch channel. The 
paging signal receiver 312 receives and decodes a paging signal sent from the base 
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station. The common controller 314 carries out the overall control of the mobile station, 
and the memory 316 is used for storing various items of information. The common bus 
320 interconnects the perch channel receiver 308, perch channel receiving quality 
measurement controller 310, paging signal receiver 312, common controller 314 and 
memory 316. 

[001411 Next, the operation of the mobile station with such a configuration will be 
described with reference to Figs. 13 and 14. 

100142) As described above, the intermittent receiving technique is applied to the 
mobile station. Besides, as disclosed in the foregoing paper "Japan's Revised Proposal 
for Candidate Radio Transmission Technology on MT-2000:W-CDMA Revised 
Proposal Version 1.1", a great number of mobile stations are divided into a plurality of 
groups, and each paging signal assigned to one of the groups is mapped onto a single 
physical channel to configure the paging channels. Fig. 5 illustrates a paging signal 
assigned to one of the groups. In Fig. 5, reference symbols Pis each designate a very 
short signal informing whether paging is present or not; and MUls each designate a 
portion including paging information (ID number of mobtle station). The mobile station 
receives the PI portion, first, and then the MUI portion only when a decision is made 

that the paging is present from the receiving result of the PI portion. 

1001431 Fig. 13 is a flowchart illustrating the operation of the mobile station in 

accordance with the present invention. 

1001441 The mobile station decides as to whether a timing for receiving the PI 
comes, first (step S1402), and when the timing eomes, it activates the radio signal 
transceiver 302 to receive the PI portion in the paging signal (step S1404). When it 
decides that the paging is not present from the recerving result, it stops the operation of 

-Page 28- DockONo. 15689. 



,he radio signal transceiver 302 (step SUM). In contrast, when it decides that the 
paging is present, it continues to operate the radio signal transceiver 302 (step S1406). 
At the same time, it commands the paging signai recetver 312 to receive the paging 
signal (step S1408), and causes the perch channel receiving quality measurement 
controller 3.0 to issue the command to the perch channel receiver 308 to measure the 
receiving quality of the perch channel (step S1410). Subsequently, it decides whether 
the individual operations have been completed (step S1412), stops the operation of the 
radio signal transceiver 302 when completed (step S1414), and waits until the next 
timing of receiving the PI comes (step S1402). 

100145) Fig. 14 is a flowchart illustrating the operation of the mobile statiou with a 
configuration of carrying out the next quality measurement a. the time when a 
predetermined time period has elapsed after the previous quality measurement. 
,001461 The mobile station decides as to whether a timing for receiving the PI 
comes, first (step S1502), and when the timing comes, i, activates the radio signal 
transceiver 302 to receive the PI portion in tire paging signal (step S1504). When it 
decides that the paging is not present from the receiving result, it proceeds to the 
decision step of the elapsed time from the latest quality measurement (step S1508). 
When the elapsed time has exceeded the predetermined value, it carries out the same 
operation as when the decision is made that the paging is present (step S1506). When 
the elapsed time is below the predetermined value, it halts the operation of the radio 
signal transceiver 302 (step S1516), and waits for the next timing (step S1502). In 
contrast, when it decides that the paging is present a. step S1504, it continues to operate 
the radio signal transceiver 302 (step S1506). At the same time, it commands the 
paging signal receiver 312 to receive the paging signal (step S1510), and causes the 
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perch channel receiving quality measurement controller 310 to issue the command to 
the perch channel receiver 308 to measure the receiving quality of the perch channel 
(step S1512). Subsequently, it decides as to whether the individual operations have 
been completed (step S1514), stops the operation of the radio s lg nal transceiver 302 
when completed (step S1516), and waits until the next timing of receiving the PI comes 
(step SI 502). 

[00147] Fig. 15 is a schematic diagram illustrating an operation state observed on a 
time axis when the cell search control method in accordance with the present invention 
is operating. 

[00148] In Fig. 15, the top view illustrates the quality measurement of the perch 
channel, and the bottom view illustrates the paging reception. Shadowed portions in the 
top view denote portions of executing the quality measurement of the perch channel. 
The bottom view illustrates the paging reception taking an example of a paging channel 
in which a paging signal consists of the Pis (narrow portions) and MUIs (wide 
portions). When the Pis indicate the presence of the paging information, the 
corresponding MUIs are denoted as a shadowed portion, whereas when they indicate 
the absence of the paging information, the MUIs are denoted as a blank. Thus, the 
mobile station does not receive the blank MUIs because they have no paging 
information. 

[00149] As illustrated in Fig. 15, according to the present invention, the receiving 
quality measurement of the perch channel is controlled in accordance with the presence 
or absence of the paging information. Specifically, when the paging information is 
present, the measurement of the perch channel receiving quality is executed at the same 
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time as the paging reception, whereas when the paging information is absent, the 
measurement of the perch channel receiving quality is skipped. 

100150] As described above, the embodiment according to the present invention is 
configured such that the mobile station controls the timing of measuring the receiving 
quality of the perch channel in synchronization with the paging signal to the mobile 
station so that the measurement of the receiving quality of the perch channel is carried 
out simultaneously with the reception of the paging signal. This makes it possible to 
save the power consumption with maintaining the high accuracy of selecting the best 
base station. 

[001511 Furthermore, the embodiment is configured such that it counts the elapsed 
time from the measurement of the receiving quality of the perch channel, and when the 
elapsed time exceeds the predetermined value, it carries out the measurement of the 
receiving quality of the perch channel. This makes it possible to maintain the accuracy 
of selecting the best base station at a higher accuracy, making is possible to further 
reduce the power consumption. 
[00152) OTHER EMBODIMENTS 

[001531 As to the standards of the third generation mobile communication system, 
g § « = IMT-2000 (international Mobile Tclecommunications-2000), the 3 GPP (Third 
Generation Partnership Project) is making a plan. Details of paging information 
Sljlll —ssion method is described in the standard "3GTS 25.211 V3.3.0". To increase 
§ Pill the versatility of the standard, it is modified slighdy from the "Japan's Revised Proposal 
S for Candidate Radio Transmission Technology on IMT-2000: W-CDMA". 
Specifically, it is configured such that the information about the presence and absence 
of the paging is transmitted over a PICH (Paging Indicator CHannel), and the paging 
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information itself is transmitted over an SCCPCH (Secondary Common Contro. 
Physieal CHannei). A.thongh the physteal configuration is Urns modified, the standard 
is the same as the present specification in the procednre for the mobi.e station to receive 
the PI portion before receiving the paging information, and to receive the paging 
information itself only when a decision is made that the paging is present as a result of 
receiving the PI, and in the effect of the intermittent reception obtained from the 
procedure. Accordtngly, it will be obvious for those skilled in the art drat the present 
invention is applicable to the "3GTS 25.211 V3.3.0". In addition, it is obvious for those 
skilled in the art that the present invention is not limited to the radio schemes described 
above, but can be implemented in any radio schemes utilizing the present invention. 
1001541 Moreover, although the foregoing embodiments handle the case in which the 
embodiments are implemented independently, the present invention is not limited to 
this. For example, any proper combination of the foregoing embodiments can be 
implemented, which will be obvious to those skilled in the art. 

[00155] The present invention may be embodied in other specific forms without 
departing from its spirit or essential charac.enstics. The described embodiments are to 
be considered in all respects only as illustrative and not restrictive. The scope of the 
| g „ = invention is, therefore, indicated by the appended claims rather than by the foregomg 
lilHl description. All changes which come within the meaning and range of equivalency of 
the claims are to be embraced within their scope. 
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